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Abstract. The European Union’s policies regarding the energy security impose to the European 
countries to take urgent measures because of the global energy demand which is growing rapidly. The 
ambitious target approved by the renewable energy directive is that 20 % of the final energy 
consumption has to be provided by renewable sources by 2020. The technological transfer from west 
to east Europe encourages the eastern countries with a high agricultural potential to develop political, 
economical, and social strategies to replace the fossil resources with the renewable materials. The 
main goal of the European countries is to promote the clean energy technologies. Thus, the share of 
renewable resources such as wind, solar, biomass, geothermal, biogas, etc. has to be increases with 24 
% of the final energy consumption compared to the overall EU target of 20 %. The current work 
emphasize the technological state and perspectives of the biogas production of the Romanian country 
in comparison with the leader country in Europe, Germany. 
 
Keywords: Biogas potential, Crops, Energy, Legislation, Technology  
 
INTRODUCTION 
 
 The global financial crisis in late 2007 caused rising the political, economic and 
social tensions around the world. The world economy dependence on the fossil resources of 
energy, as well as the climate change, are making the energy security a strategic priority for 
most nations (Gheorghe et. al, 2011). The competition for the exhausting fossil resources 
which covers 88 % from the energy demand, is the cause of the most military conflicts. Most 
European countries are strongly dependent on fossil energy imports from regions rich in fossil 
fuel sources such as Russia and the Middle East. The main goal of the European Union in the 
past 10 years is to develop and implement the renewable energy systems based on national 
and regional biomass resources, to increase security of national energy supply and diminish 
dependency on imported fuels as well as the greenhouses gases emissions in the 
atmosphere(I.C.C.P, 2000). 
 Therefore, the European Committee emitted the Directive 2001/77/CE to regulate the 
intern market of the electricity obtained from the renewable resources. The Directive is the 
result of a political processes initiated in the year 1997 and which were completed by the 
Resolution of the European Parliament from 17
th
 June 1998, the United Nations Framework 
Convention on Climate Change (New York, 1992) and the Kyoto Protocol (1997). The 
Directive represented the starting point of the local energy market and the common European 
market development, facilitating the trade with green energy based on certificates (Al Seadi 
et. al, 2008). The increasing of the energy demand during this century by a factor of two or 
three(I.E.A, 2006), leaded to the ambitious target approved by the renewable energy directive. 
Thus, 20 % of the final energy consumption has to be provided by renewable sources by 2020 
(Directive, 2003). 
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 One of the renewable energy sources is represented by biogas. The biogas can 
replace the fossil fuels in power and heat production, and it can be used also as gaseous 
vehicle fuel (Weiland, 2010). The biochemical conversion by anaerobic fermentation of the 
agro-industrial wastes is a promising area for the biogas technology (Suslov et. al, 2010). The 
bioenergy coming from wastes, residues, and energy crops will play a vital role in the future. 
 The replacement of the fossil resources with the renewable one, became a subject of 
discussion and research which often reflects economic and political factors rather than 
scientific good sense. A reasonable answer is expected to the question: is it ethically, 
environmentally and economically sustainable to dedicate cereals resources to other uses than 
the human food? Bressan et al. (2011) advocate the use of the extremophile crops as a 
solution to the cereals crops. The extremophile crops (Agave spp., Miscanthus spp., Juncus 
spp.) don’t interfere with the food production and can grow on lands which have never been 
valuable for agriculture or which is no longer valuable, contributing to the balance between 
ecosystem protection and human resource management (Bressan et. al, 2011).  
 There are a series of benefits which classify the biogas as being one of the most 
efficient source of bioenergy (Bond et. al, 2011, Weiland, 2010): 
 Cheap and environmentally safe recycling of manure and organic wastes (all organic 
material except wood can be used in digestion processes for biogas production) 
 Reduction of greenhouse gas emission with 4 % 
 Improved veterinary safety through sanitation (the anaerobic digestion reduces the 
pathogenic content of substrate materials) 
 Improved fertilization efficiency (increased agricultural yields with 6-20 %)  
 Less nuisance from odors and flies (80 % of the odors in the feedstock can be reduced)  
 Decreasing of the household usage of coal and wood  
 Economical benefits for the farmers (cheap electricity, heating and gas facilities) 
 The main component of the biogas plant is the digester - an air proof reactor tank 
(Fig 1) which simulate the organic compounds fermentation which occurs under anaerobic 
conditions in nature (ruminants stomachs). The process can run under thermophilic (between 
50 and 57 °C) or mesophilic (between 32 °C and 42 °C) conditions. Depending on the total 
solids concentration of the substrate inside the reactor, the process can be classified into wet 
(less than 10 %) or dry fermentation (total solids between 15 % and 35 %) (Weiland, 2010). 
 The anaerobic digestion of organic substrates is a highly complex, multi-stage 
process that is influenced by a great number of microbiological, chemical and physical 
factors. During the four biochemical steps (hydrolysis, acidogenesis, acetogenesis and 
methanogenesis), the anaerobic microorganisms with aid of the specific enzymes, brake down 
the polymers into simple primer fermentation products easy used by the syntrophic 
microorganism. The end product of fermentation is the combustible biogas which is 
composed mainly of follows: 50 – 75 % methane (CH4), 25 – 45 % carbon dioxide (CO2), 2 – 
7 % water (H20), < 2 % oxygen (O2), < 2 % nitrogen (N2), < 1 % ammonia (NH3), < 1 % 
hydrogen sulfide (H2S) (F.N.R, 2008). 
 Depending on how the substrate flows in the fermenter, the biogas production 
processes can be devided in batch or continuous plants. The batch digesters are loaded with a 
portion (batch) of fresh feedstock, which is allowed to digest and then is completely removed. 
 This kind of digesters are usually used for dry digestion and appear such as concrete 
fixed dome placed underground or on the surface (the so-called “garage type”), very cheap 
and long life lasting. In a continuous-type digester, feedstock is constantly fed into the 
digester. The material moves through the digester either mechanically or by the pressure of 
the newly feed substrate, pushing out the digested material. Unlike batch-type digesters, 
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continuous digesters produce biogas without interruption for loading new feedstock and 
unloading the digested effluent (Al Seadi et. al, 2008). 
 Continuous digesters can be vertical, horizontal or multiple tank systems. The 
following types of digestors are mainly used in the agro-industrial estates: floating-drum 
digester, balloon digesters, covered lagoon digester, complete mix digester, plug-flow 
digester, solid-phase digester. Other digester designs used for processing municipal sewage as 
well as industrial waste, include (Al Seadi et. al, 2008, Vintila et. al, 2011): 
1) batch-fed reactor, such as the anaerobic sequential batch reactor (ASBR); 
2) temperature-phased anaerobic digester (TPAD); 
3) suspended particle reactor; 
4) anaerobic filter reactor; 
5) upflow solids reactor; 
6) continuously stirred tank reactor with solids recycle; 
7) upflow anaerobic sludge blanket reactor; 
8) anaerobic pump digester; 
9) fluidized- and expanded-bed reactors, and 
10) fixed-film anaerobic digester. 
 
Fig.1. Schematic representation of the ‘two–in-one’ farm scale plant, with soft membrane cover 
(Hjort-Gregersen, 1998) 
 
 Some of the main parameters for operating a biogas plant are: the temperature in the 
fermenter, the pH value, the amount of gas produced, the methane, hydrogen sulfide, 
dioxide carbon and oxygen contents during the gas phase, the VOA/TIC value (ratio of 
volatile organic acids (VOA) to total inorganic carbon (TIC)), the ratio of volatile organic 
acids to total inorganic carbon in the fermenter (VOA/TIC value). 
 The complexity of the anaerobe digestion processes imposes the use of advanced 
control and optimization systems for biogas plants to increase biogas production and 
quality. Fortunately this is becoming possible due to recent developments in online-
measurement and process monitoring systems (Wolf et. al, 2009). One common approach 
is to use pilot - or lab-scale anaerobic digestion reactors which are equipped with 
extensive laboratory and online-measurements to test and validate the new control and 
optimization strategies (Steyer et. al, 1999).   
 
CURRENT STATUS OF THE BIOGAS PRODUCTION FIELD IN GERMANY 
 
 The European countries such as Germany, Austria and Denmark produce the largest 
share of their biogas in agricultural plants using energy crops (the most important co-
substrates), agricultural by products and manure (Fig. 2).  
Germany is the leader country in the biogas field in Europe, with over 4 000 farm - based 
biogas plants  and with a total installed electrical capacity of 1600 MWel in 2009 (F.N.R, 
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2008) (Fig 3). The substrate used in biogas plants across Germany is composed of about 
41 % animal excrement, 10 % organic waste, 2 % industrial and agricultural residues and 
47 % renewable raw materials (F.M.E, 2008). Figure 3 shows the usable biogas potential 
of organic wastes and energy crops in Germany(F.N.R, 2008). A surface of 2 million 
hectares (11 % of agricultural land) is dedicated to the energy crop cultivation, resulting 
more than 50 % of the biogas potential. Together with animal manure and harvesting 
residues, more than 80 % of the potential feedstocks come from the agricultural sector. 
 The highest gross energy potential has maize and forage beets but also different 
cereal crops and perennial grasses have potential as energy crops (Fig 4). 
 
 
 
Fig 2 Primary production of energy from biogas in Europe in year 2007, GWh (source: Eur 
Observ ER)  
 
 
Fig 3 Number of biogas plants with their total installed electrical capacity in Germany 
(Source:German Biogas Association, 2008; provided FNR) 
 
 
Fig 4 Biogas yield and methane content of various substrates (Source: German Association of 
Biogas, FNR, 2006) 
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 Today, wet digestion processes in the vertical continuously stirred tank fermenter is 
applied in 90 % of modern biogas plants in Germany (Gemmeke et. al, 2009) and around 85 
% of farm biogas plants operate in the mesophilic range (F.N.R, 2008) (Fig 5).  
 
 
 
Fig 5 Vertical digester in Germany, built in 2005 for digestion of energy crops (Source: Big East 
project, 2008) 
 
 As a consequence of introducing the ordinances and certification systems for 
sustainable biomass, a market for biogas substrates from renewable raw materials is already 
emerging in Germany and the use of these substrates is progressively increasing (Karolina, 
2011).  
 At the industrial scale, the north-eastern Germany has the world’s largest biogas park 
installation in Pekun with 20 MW electric power fed into the grid. The park consists of 15 
hectares and 40 standardized modules with a capacity of 500 kWhel each. Every year it will be 
processed 84 000 t of manure and maize from 6 000 hectares situated in immediate vicinity. 
 Another example is Schwandorf plant (e-on Bioerdgas) with an input material of 80 
000 t/year of crops and a production of raw biogas of 2000 m
3
/h. The biomethane production 
per year was calculated to 90 Mio. kWh. The gas quality was assessed to 11.1 kWh/m
3 
(H - 
Gas). The total investment was 18 million euro (E.A.B, 2010). Verbio company will construct 
the second biofuel plant in Schwedt and will produce the second generation biofuel from 
biomass residues without the use of foodstuffs. The intial power output of 30 MW will be 
expanded to 75 MW. The substrate used for the biogas production will be represented by the 
by-products of bioethanol production and straw  . The high quality biogas will be fed into the 
existing natural gas network and made available as a fuel at natural gas filling stations. 
 Starting with the year 2011, the Verbio company will generate 500 GWh of 
verbiogas from its plants in Schwedt and Zörbig. This is enough to supply to 25 % of 
Germany's natural gas stations. The company's output will increase to 2 000 GWh by 
2015(Verbio, 2011).  
Taking into account the present status, there is a big chance for Germany to achieve its target 
of over 2000 MWel installed power in 2020 (Directive, 2003).  
 
CURRENT STATUS AND BIOGAS PRODUCTION FIELD IN ROMANIA 
 
 History of biogas and political context 
 
 The biogas history in Romania starts in the early 1958. The results of the 30 years 
program was the development of a total of 400 facilities, with a total energy production of 
0.18 TWh/year. After the fall of the communist regime in 1989, and of the bad political 
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strategy, a long process of reorganization, privatization and liquidation of the companies 
occurred, having as result a gradual depreciation and disassemblement of the biogas facilities. 
In 2006, 70 % of the gases proceeded from the natural resources and only 30  
% were imported. The estimations indicate a reversal of the values till 2025 (Al Seadi et. al, 
2008).  
 The economical, environmental and political circumstances imposed to Romania to 
transpose in national legislation the provisions of the main directives for the renewable energy 
sources: 2001/77/CE (958/2005) and 2003/30/CE (GD1844/2005). Thus, Romania adapted its 
intern legislation since 2003, and the market of the green certificates has been built in the year 
2004 (HG nr.1892/2004). The national legislation was completed by the adoption of the Law 
no.220/2008 which regulates a series of mechanisms of direct intervention for the energy 
obtained by the renewable resources (Romania, 2008, 2010). 
 
 Biogas potential and perspectives 
 
 Romania has a huge potential of energy coming from agricultural and industrial by-
products. The biomass represented by the firewood and agricultural waste, accounts for 95 % 
of the total, and wood waste from industrial processes, about 5 %. Biomass-produced energy 
accounts for about 11 % of the total energy production in Romania. Also, the utilization of 
industrial biomass by-products is relatively high. The main sources of fermentable waste in 
 Romania are represented by the following 5 components (Prodev, 2008): 
· Organic waste, sludge and by-products from agriculture 
· Organic waste, sludge and by-products from the food industry 
· Mixed sludge from municipal waste-water-treatment-plants 
· Biodegradable fraction from municipal solid waste plants 
· Other secondary sources: paper and pulp industry, biodiesel industry 
 Romania has 14.9 million Hectares agricultural land, representing 62 % from the 
total area (the EU average is 41 %). The arable land is divided such as following: 63 % 
agricultural area, 3 % permanent crops, 33 % permanent grassland. In addition, 28 % of 
Romania’s land is forest (N.I.S, 2006). In 2005, the Romanian livestock was counting: 2.861 
th. cattle, 6.622 th. pigs, 7.610 th. sheep, 686 th. goats, 833 th. horses and 49.724 th. poultry 
(Prodev, 2008).  
 The theoretical biogas potential calculated per one year from crops residues and 
livestock manure is 76.7 mil. MWh and over 17 mil. MWh, respectively. Despite the huge 
potential of renewable resources, Romania is the country with the lowest production of biogas 
in Europe, 1.3 ktoe (Eu’observ, 2010). The several biogas plants associated with the 
wastewater treatment plants totalize an installed capacity of only 4 MW, producing in 2010 
only 19 GWh electric power (Vintila et. al, 2011). Only two agro-industrial biogas producers 
can be mentioned in 2012: S.C Agro New Energy SA, Perieni and S.C Comcereal, Olteneşti, 
functional since January and February, respectively. Both companies are located in Vaslui 
district and use the cattle manure, organic wastes and maize silage as feeding substrates 
(F.N.P.A.R, 2011).  
 In that’s concern the electric energy market, there are a series of obstacles which 
impede the production and commercialization of the energy obtained from the renewable 
resources: 
- the lack of transparency; 
- the presence of the big electric companies which possesses the monopoly on the 
energy market and are not forced to invest in the renewable energy field; 
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- the biomethane injection into the natural gases grid is not regulated yet by the green 
certificates;  
- the biofuels transport and commercialization market is not developed; 
- the difficulty in finding financing because of the high technologic costs; the most of 
the projects are supported by the government or the European Union; 
- the national strategy, communication and training in the biogas field is in the incipient 
state;  
 To achieve the ambitious target for 2020 of 195 MWel, installed power, with an 
output of 950 GW electric power, an imperious review of the relevant legislation and 
development of low - cost technologies available to Romanian farmers are necessary.  
Romania has to intensify its efforts to use renewable energy resources by developing the 
technical potential of the country and to reduce the environmental impact by producing green 
energy. In despite of the political, economical and administrative barriers, there are big 
chances for Romania to be one of the five countries in Europe with the highest energetic 
potential in 2020 (Table 1). While the EU target for 2020 is to achieve 20 % of the total 
community energy consumption from renewable resources, Romania sets out an even more 
ambitious goal of 33 % as share of electricity produced from renewable energy resources in 
the national gross electricity consumption until 2010 (35 % until 2015 and 38 % until 2020) 
(Prodev, 2008). 
 After many debates and changes in the legislative sector regarding the bioenergy 
sharing, the map of the projects focused on the energy production from the renewable 
resources has been drawn up in 2012 in Romania (Fig 6). Over 200 mil Euros have been 
invested in 50 projects in the renewable energy field starting with year 2010 (E.B.A, 2011). 
 
Tab. 1  
Calculation of biogas potential from energy crops and manure for 2020 (AEBIOM calculations) 
 
Country Arable land Total Biogas potential 
(5 % land and 35 % 
manure) 
Unit 1000 ha Mtoe 
France 18 433 3.97 
Spain 12 700 2.74 
Poland 12 502 2.69 
Germany 11 877 2.56 
Romania 8 553 1.84 
 
 In that’s concern the know-how and active information about biogas in Romania and 
the business opportunity, in the past 4 years few actions have been materialized with very 
well documented reports conceived in the frame of three projects founded by the European 
Committee: Big> East (2007-2010), PROBIOPOL (2007-2010), FARMAGAS (2009-2011). 
 The technology is still in the incipient phase and more actions need to be developed 
to overcome the bottlenecks identified in the biogas field. Therefore, the following solutions 
can be addressed: 
- investment in the research infrastructure; 
- better technological transfer from education to applied research; 
- better collaboration between industry and universities; 
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Fig 6 Renewable energy projects map of Romania in 2012 
(http://www.fabricadecercetare.ro/regenerabil/) 
 
CONCLUSIONS 
 
 With a very good national strategy, the waste can be “turned to gold” (electricity, 
heat, fertilizer, biofuel) which can contribute to the increase of the national security, 
diminishing dependency on imported fuels and increasing the local economical strength. The 
biogas production field applies an environmental friendly technology facilitating the wastes 
recycling and reducing the greenhouse emissions into the atmosphere. Germany can be a 
model of progress driven by proper supporting frame (regulation, R&D, investment, 
information, confidence, technological know-how, political will etc), a success recipe that 
should be applied in other countries.  
 Romania has a huge potential that is waiting to be revaluated, but the lack of 
economic incentives similar to those offered by countries as Germany, makes from it the 
country with the lowest biogas production potential in Europe. Romania needs a national 
strategy for good development and production of renewable energy from biogas and other 
biofuels. 
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